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ABSTRACT  O  \  V  v' 

'v  -  \ 

Conformational  preferences  for  methyl,  ethyl,  isopropyl  and  n-propyl 
substituted  pyrazines  are  determined  by  mass  resolved  excitation 
spectroscopy  for  the  supersonic  jet  cooled  molecules  and  MOPAC  5.0  semi- 
empirical  conformational  calculations.  The  results  of  these  studies  suggest 
that  the  behavior  of  the  alkyl  substituted  pyrazines  is  very  different  from 
that  of  alkyl  substituted  benzenes.  This  difference  is  caused  by  substantial 
hydrogen  bonding  between  the  ^-hydrogens  of  the  alkyl  substituent  and 
the  adjacent  lone  pair  nonbonding  electrons  on  the  ring  nitrogen  atom. 
One  of  these  hydrogen  atoms  becomes  nearly  planar  (ca.  ~AlO*  according  to 
the  MOPAC  5.0  calculation)  with  the  aromatic  ring. 
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I.  INTRODUCTION 


v  ^-SCC) 

Supersonic  jet  laser  spectroscopy  has  been  utilized  to  identify  the  minimum 
energy  conformers  of  substituted  aromatic  molecules  in  the  gas  phase.  These 
determinations  have  been  performed  based  on  the  observation  that  each  confer mer 

produces  its  own  origin  |0q  ^transition  for  the  ^excitation.  Thus  the  counting  of 


origin  transitions  in  the  mass  resolved  excitation  spectrum  reveals  the  number  of 
I  conformers  present  for  a  given  system.,  Molecules  studied  in  our  laboratory  thus  far 
center  around  substituted  benzenes  -  alkyl  substituted  benzenes1,  methoxy  benzene2, 
allyl  benzene3,  and  styrenes.4  The  rotational  isomers  of  phenol  and  JS-naphtol  have  also 
been  determined  by  this  technique  as  welL5  These  studies  have  increased  our 
understanding  of  the  conformations  of  substituents  with  respect  to  an  aromatic  ring  in  a 
systematic  fashion. 

This  paper  extends  these  conformational  studies  to  N- heterocyclic  aromatic 
molecules  which  are  similar  to  the  benzenes  in  that  they  are  monocyclic  aromatics,  but 
which  differ  from  benzenes  in  the  composition  of  the  ring.  In  these  systems,  one  of  the 
ring  C-Hgroups  adjacent  to  the  substituents  is  replaced  by  a  nitrogen  atom  and  the  lone- 
pair  electrons  on  it.  The  effect  of  this  change  on  stable  molecular  conformations  has  not 
been  generally  studied  theoretically  or  experimentally.  Only  methyl  conformation  with 
respect  to  the  -CH=NH  (imine)  functionality  has  been  considered  theoretically.6  This 
latter  theoretical  study  has  concluded  that  the  eclipsed  conformation  is  favored  over  the 
staggered  one  in  the  ground  electronic  state. 

This  report  presents  mass  resolved  excitation  spectra  of  the  Si  «-  So  transition  of 
methyl,  ethyl,  iso- propyl,  and  n-propylpyrazine  and  their  derivatives  in  gas  phase.  The 
dispersed  emission  (EE)  spectrum  of  ethylpyrazine  is  also  presented  to  elucidate  the 
structure  of  the  ethyl  conformation.  In  conjunction  with  results  of  MOP  AC  5  calculations 
for  the  conformational  energy  of  these  molecules,7  the  stab’a  conformations  of 
substituted  pyrazinescan  be  determined.  We  demonstrate  the  following  with  the  above 
described  techniques:  the  methyl  group  in  methylpyrazine  (CHj-pyz)  is  determined  to 
be  a  highly  hindered  rotor;  the  ethyl  group  in  ethylpyrazine  (QHs-pyz)  does  not  lie  in  the 
plane  perpendicular  to  the  ring  plane  but  is  in  an  anti-gauche  cot  formation;  iso- 
propylpyrazine  (iso-QH-pyz)  has  only  one  stable  conformer,  in  which  an  a-hydrogen 
is  directed  toward  the  ring  nitrogen  atom  and  is  nearly  in  the  plane  of  the 
ring;  and  the  n  -propyl  group  in  n-propylpyrazine  (n-QHz-pyz)  has  two  stable 
conformers  -syn  and  anti  gauche  -  for  the  terminal  methyl  group  of  the  propyl  moiety. 


These  results  are  quite  different  from  those  obtained  for  benzene  systems  and 
thus  the  interaction  of  a  nitrogen  atom  and  its  non-bonding  electrons  with  ring 
substituents  differs  significantly  from  that  of  the  C-H  group  with  the  same  substituents. 
This  behavior  can  be  explained  in  terms  of  the  internal  hydrogen  bonding  between  an  a- 
hydrogen  and  the  lone-pair  electrons  on  a  nitrogen  atom  in  the  pyrazine  systems. 

II.  EXPERIMENTAL  PROCEDURES 

All  the  spectra  are  obtained  using  two-color,  two  photon  ionization  with  time-of- 
flight  mass  detection.  The  time-of-flight  mass  spectrometer  (TOFMS)  chamber  is 
described  elsewhere.8  A  pulsed  molecular  jet  is  employed  using  an  RE  Jordan  pulsed 
valve.  All  the  samples  are  placed  inside  the  valve  head  and  heated  to  about  60*Cto 
increase  their  concentration  in  the  beam.  In  all  cases,  Ife  is  used  as  the  carrier  gas  at 
roughly  50  psig.  Two  Nd+3/  YAG  lasers  are  used  to  produce  excitation  and  ionization 
photons.  The  doubled  output  of  DCM  dye  is  employed  for  the  n*  <-  n  excitation  of  alkyl 
substituted  pyrazines  and  the  doubled  output  of  R590  dye  mixed  with  the  residual  1.064 
pm  Nd+3/  YAGbeam  is  used  to  provide  the  ionization  photon. 

Dispersed  emission  (EE)  experiments  are  performed  in  a  fluorescence  excitation 
(FE)  chamber  described  previously  8  f/4  optics  are  used  to  collect  and  focus  the  emission 
onto  the  slits  of  an  f/8  205 1  GCA  McPherson  monochromator.  Spectra  are  recorded  with 
a  1200  groove/mm,  ID  pm  blazed  grating  in  the  third  order.  Expansion  of  the  gas  into 
the  chamber  is  achieved  with  a  cw  nozzle  with  100  pm  pinhole.  Samples  are  placed 
inside  the  gas  line  and  heated  to  60*Cto  achieve  a  greater  concentration  in  the  jet.  He  is 
employed  as  the  carrier  gas  at  a  pressure  of  ~30  psig. 

All  samples  are  synthesized  at  Philip  Morris  USA  Research  Gfenter  except  for 
methylpyrazine  (CHj-pyz)  which  is  obtained  from  Aldrich.  All  samples  are  studied  as 
received  and  not  further  purified. 

Stable  geometries  of  various  alkyl  substituted  pyrazine  systems  are  calculated 
using  the  MOPAC(vJ5D)  programs.  MCPAC(v.  5D)  programs  have  two  Hamiltonians 
available  for  structure  calculations:  PM39  and  AMI10.  The  PM3  Hamiltonian  has 
been  augmented  and  improved  for  hetero  atom  (N,0,  etc.)  calculations.  All 
calculational  results  reported  in  this  work  are  based  on  the  PM3 
Hamiltonian.  Input  data  for  the  calculations  are  obtained  from  pyrazine11  and 
normal  alkane12  crystal  structures. 
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III.  RESULTS 
A.  Methylpyrazine 

The  TOFMS  of  CH3- pyz  and  CEkj-pyz  are  displayed  in  Rgures  la  and  lb, 
respectively.  The  origin  of  the  Si  <-  So  transition  of  CHj-pyz  occurs  at  309453  cm*1.  The 
peak  at  3582  cm*1  to  higher  energy  of  the  origin  is  assigned  as  V13.13  Between  these  two 
peaks  -  the  origin  and  V13  -  several  weak  features  appear  in  the  absorption  spectrum. 
The  TOFMS  of  CDj-pyz  contains  a  single  origin  at  30937.7  cm*1,  and  one  strong  feature 
at  3630  cm*1  to  the  blue  of  the  origin.  The  latter  feature  is  assigned  as  V13  in  this 
molecule.  Upon  deuteration  of  the  methyl  group,  most  of  the  weak  features  shift  to 
higher  energy  or  not  at  all.  Oily  the  first  weak  doublet  peak  shows  a  significant,  typical 
isotope  effect  upon  methyl  deuteration.  From  an  expansion  pressure  study  for  both  CH3- 
pyz  and  CDj-pyz,  however,  this  doublet  feature  can  be  characterized  as  a  vibrational  hot 
band  (see  Figures  2  and  3).  Absence  of  a  normal  isotope  effect  on  the  cold  bands  implies 
that  none  of  these  cold  features  are  associated  with  methyl  rotor  transitions. 

R  ETHYLPYRAZENES 

1 .  Ethylpyrazine 

The  TOFMS  of  QHs-pyz  about  the  origin  region  of  the  Si  <-  So  transition  is 
presented  in  figure  4.  This  spectrum  can  be  interpreted  in  one  of  two  ways:  the 
spectrum  consists  of  one  origin  and  a  series  of  vibronic  features  built  on  it;  or  the 
spectrum  consists  of  two  origins  -  the  first  two  peaks  -  and  two  series  of  vibronic  features 
built  on  them.  In  order  to  choose  between  these  two  spectroscopic  assignments,  EE 
studies  are  performed  for  this  molecule. 

figure  5  depicts  the  EE  spectra  of  ethylpyrazine  excited  at  308563  cm*1  (0Q  - 
marked  A  in  figure  4)  and  at  30918.6  cm*1  (0g  '  marked  B  in  figure  4).  Both 

spectra  show  the  same  spacing  (40  cm*1)  of  vibrational  progressions  built  on  the 
excitation  line.  This  observation  implies  that  the  peak  marked  Bin  figure  4  is  a  member 

of  the  vibrational  progression  built  on  the  origin  at  308563  cm*1.  If  the  feature  at  00  + 
were  a  new  origin  of  a  different  ethylpyrazine  conformation,  one  would  not  expect  the 
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emission  spectra  arising  from  the  two  excitations  (Oq  and  0q+^)  to  be  so  similar.  The 

data  and  assignments  for  the  absorption  spectrum  are  collected  in  Table  I.  Since  only  one 
origin  is  observed, only  one  stable  conformer  of  QHs-pyz exists  in  the  ground  state. 

2.  2,6-di-Bhylpyrazine 

Figure  6  shows  the  TOFMS  of  jet  cooled  2j6-(QHs)2-pyz  about  the  origin  region  of 
the  Si  <-  So  transition.  Two  origins  are  displayed  at  309513  and  309645  cm*1.  The 
same  vibronic  features  found  in  the  spectrum  of  QHj-pyz  also  appear  to  be  built  on  both 
of  these  origins.  Since  two  origins  are  observed,  this  molecule  has  two  stable  conformers 
in  the  ground  state. 

C  iso-Propylpyrazines 

1.  iso-Propylpyrazine 

The  TOFMS  of  jet  cooled  iso-QHz-pyz  is  depicted  in  Figure  7.  Oily  one  intense 
origin  is  observed  (at  307933  cm*1)  in  the  spectrum  of  this  molecule.  Thus  only  one 
stable  conformer  exists  for  this  molecule  in  the  ground  state. 

2.  6-Methyl-2-iso-propylpyrazine 

Figure  8  displays  the  TOFMS  of  jet  cooled  6-Q^-2-iso-QH7-pyz  around  the  origin 
region  of  the  Si  <-  So  transition.  The  absorption  spectrum  of  6-Q%-2-iso-QH7-pyz 
contains  only  one  origin  with  several  weak  features  due  to  methyl  group  rotations  built 
on  it.  This  observation  also  implies  that  only  one  stable  conformer  exists  for  6-CH3-iso- 
QH7-pyzin  the  ground  state. 

D  n-Propylpyrazines 

1.  n-Propylpyrazine 

The  TOFMS  of  n-QF^-pyz  and  its  partially  deuterated  isotope,  n-QDz-pyz,  are 
presented  in  figures  9a  and  9b,  respectively.  Oily  two  peaks  (marked  as  A  and  A') 
among  the  features  in  the  spectra  do  not  show  any  isotope  effect  at  all.  Qher  features 
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show  approximately  a  5%  isotope  effect  (B,  C  Q  E)  or  a  9%  isotope  effect  (B\  C\  D’). 
These  data  are  collected  in  Table  II.  The  two  peaks  (at  307823  and  30882 jO  cm*1)  in  the 
TOFMS  of  n-QFfz-pyz  which  have  no  relative  isotope  effect  0^\-  I^v  =  70  cm*1)  are 
assigned  as  origins.14  The  peaks  marked  B,  Q  Dand  Eare  assigned  as  the  torsinal  mode 
vibrational  progression  of  the  n-propyl  group  built  on  origin  A  and  those  marked  B',  C\ 
and  D'  are  assigned  as  a  similar  torsinal  mode  vibrational  progression  built  on  origin  A’. 
The  observations  of  two  origins  implies  that  two  stable  conformers  exist  for  the  ground 
state  of  n-QFfy-pyz. 

2.  6-Methyl-2-n-propylpyrazine 

figure  10  displays  the  TOFMS  of  jet  cooled  6-CH3*2-n-QH7-pyz  about  the  origin 
region  of  the  Si  «-  So  transition.  Like  the  TOFMS  of  n-QHz-pyz,  this  spectrum  shows 
two  origins  (at  309843  and  310598  cnr1)  with  the  same  vibrational  progressions  built 
on  them.  Several  other  weak  features  due  to  methyl  substitution  can  be  observed  in  the 
spectrum  as  well.  Since  two  origins  are  observed,  one  can  confirm  that  this  molecule  also 
has  only  two  stable  conformers  in  the  ground  state. 

IV.  DISCUSSION 

A.  Methyl  torsion 

The  TOFMS  of  methylpyrazine  does  not  evidence  methyl  rotor  transitions;  on  the 
other  hand,  the  TOFMS  of  toluene  evidences  intense  methyl  free  rotor  transitions  in  its 
origin  region.1^)  This  difference  must  arise  from  the  difference  of  the  composition  of  the 
ring:  replacement  of  the  ring  C-H  group  with  a  nitrogen  atom  and  non-bonding  electrons 
must  change  the  potential  energy  barrier  for  methyl  torsion. 

Since  no  methyl  torsinal  transitions  are  observed,  one  can  not  readily  discern 
whether  the  potential  barrier  has  increased  or  decreased  for  methylpyrazine  with 
respect  to  that  for  toluene.  Gbnsidering  the  possibility  of  an  internal  hydrogen  bonding 
interaction  between  the  methyl  hydrogens  and  the  lone-pair  electrons,  however,  one  can 
suggest  that  the  potential  barrier  has  increased  in  methylpyrazine  over  that  found  for 
toluene.  This  interpretation,  which  at  this  point  in  the  discussion  is  only  a  working 
hypothesis,  will  be  supported  by  results  for  the  other  systems  studied. 
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B.  Stable  conformations  of  alkyl  substituted  pyrazine 

1 .  Bhylpyrazine 

As  shown  in  Scheme  I,  several  conformers  are  possible  for  QHs-pyz: 
perpendicular,  gauche  and  planar  with  respect  to  the  position  of  methyl  end  group  of  the 
ethyl  substituent.  In  this  molecule,  unlike  ethyl  benzene  all  five  possible  conformers 
would  have  different  energies.  Of  course,  only  one  of  these  five  possible  conformers  is 
physically  realized. 

Scheme  I 


fH3 


0°<  T  <90 


syn-gauche  anti-gauche 


— 

planar 

c  0 

Eex  =  30856.8  cm-1,  0q 

Eex  =  30918.6  cm-1,  oJ+Xg 
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The  observation  of  two  origins  in  the  TOFMS  of  2 ,6-die thylpyrazine  excludes  the 
possibility  of  the  planar  conformer  as  the  stable  one  because  cxily  one  origin  should  be 
observed  if  only  one  of  the  planar  conformers  is  stable  (see  Scheme  II). 

Scheme  II 


(Three  origins  should  be  observed  if  two  planar  conformers  were  to  exist  (see 
Scheme  III).] 

Scheme  III 


The  next  possibility  for  the  stable  conformation  of  ethylpyrazine  is  the  perpendicular  one. 
Even  though  this  conformer  is  consistent  with  the  observed  spectra  of  the  ethylpyrazines, 
it  is  only  an  actual  possibility  if  the  interaction  of  the  ethyl  substituent  with  the  ring  is 
symmetrical  This  interpretation^  however,  is  not  consistent  with  the  observations  for 
methylpyrazine.  The  perpendicular  conformer  must  thereby  also  be  excluded.  The 
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observations  can  be  explained  if  only  one  gauche  conformer  exists  as  the  minimum 
energy  conformation  for  ethylpyrazine.  A  single  gauche  conformation  for  ethylpyrazine 
is  consistent  with  ii.c  experimental  observations:  one  origin  for  ethylpyrazine,  two 
origins  for  2,6-diethylpyrazine,  and  the  asymmetric  interaction  of  the  substituent  with 
the  ring. 

From  the  experimental  results,  one  cannot  predict  which  gauche  form  is  stable. 
Extermination  of  the  stable  conformer  for  ethylpyrazine  is  made  through  MOPAC  5 
calculations.  The  anti-gauche  conformer  (Scheme  I)  is  determined  to  be  the  minimum 
energy  conformer;  the  torsinal  angles  ti  (Cbrtho-Qpso-Qx-Cjj)  =  72*  and  xi  (N-Qpso-Qr 
Ha)  =  12V  The  cause  of  this  asymmetry  in  ethyl  orientation  for  ethylpyrazine,  that  is  the 
non-perpendicular  geometry, is  thus  internal  hydrogen  bonding  between  one  hydrogen 
of  the  a-CFfe  moiety  and  the  adjacent  nitrogen  lone-pair  electrons.  Figure  1 1  contains  a 
detailed  picture  of  this  chosen  structure. 

2.  iso-Propylpyrazine 

The  conformation  of  iso-propylbenzene  for  which  the  a-hydrogen  is  in  the  plane 
of  the  ring  has  been  determined  to  be  the  stable  minimum  energy  conformation.15  From 
this  result,  one  of  the  two  conformers  shown  in  Scheme  IV  can  be  considered  as  the 
single  stable  conformation  of  iso-propylpyrazine. 

Scheme  IV 


Because  of  the  demonstrated  asymmetric  interaction  of  the  substituent  with  the  ring, 
these  two  conformers  do  not  have  the  same  conformational  energy.  The  conformer  in 
which  the  a-hydrogen  is  toward  the  nitrogen  atom  and  in  the  plane  of  the  ring  is 
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suggested  to  be  the  minimum  energy  conformer  based  on  MOPAC  calculations  and 
internal  hydrogen  bonding  interaction  considerations  (see  Figure  11). 


3.  n-Propylpyrazine 


The  experimental  results  for  n-QHz-pyz  are  similar  to  those  for  n- 
propylbenzene^c);  two  origins  are  found  in  the  Si  <-  So  mass  resolved  excitation  spectra 
of  both  molecules.  As  seen  in  Scheme  V,  however,  the  situation  for  n-QH7-pyz  is 
somewhat  different  from  that  for  n-propylbenzene  because  of  the  asymmetric 
ring/  substituent  interactions. 

Scheme  V 


gauche 


The  following  three  possibilities  arise  for  the  two  assigned  origins  in  the  n-QH7-pyz 
spectrum:  1.  anti  and  one  gauche  conformers  are  observed;  2.  anti  and  both  gauche 
(degenerate  in  energy)  conformers  are  observed; and  3. only  both  gauche  conformer  are 
observed.  Most  likely  only  one  gauche  conformer  is  observed  along  with  the  anti 
conformer  based  on  the  results  of  MOPAC  calculations  for  other  systems  and  the  spectra 
of  6-CH3-2-n-QH7-pyzin  which  only  two  origins  are  observed.  Die  to  a  "self- solvation” 
of  the  aromatic  ring  by  the  propyl  group  which  lowers  the  Sj  energy  more  than  the  So 
energy,16  the  peak  at  307823  cm*l(A)  in  Figure  8a  is  assigned  as  the  gauche  conformer 
origin.  The  other  origin  at  308523  cm*1  (A')  must  then  be  associated  with  the  anti 


conformer.  These  assignments  are  consistent  with  those  made  for  the  n-propylbenzene 
system.  Kc) 

More  detailed  assignment  of  n-QH7-pyz  geometries  must  be  obtained  from 
MOP  AC  calculations  and  through  analogy  with  other  alkyl  substituted  pyrazines  studied 
in  this  work,  xi  and  xi  obtained  from  ethylpyrazine  are  expected  to  be  valid  for  n-QH7- 
pyz  and  in  fact  the  MOP  AC  results  give  xi(Q>rtho-Qpso-QrC[})  =77*,T2(N-Qpso-Qx-Ha)  = 
17*  and  'Q(Qpso-Qx-^H^i)  =  180*.  Gauche  conformers  have  higher  calculated 
conformational  energy  by  ~700  cm’1;  the  calculations  suggest  that  the  two  gauche 
conformers  have  only  a  40  cm-1  energy  difference.  The  syn- gauche  conformer  has 
torsinal  angles  of  ti(Cbrtho-Qpso-Qx-C^)  =69*,  i2(N-Qpso-QrHx)  =9*  and  t3(Qpso-QrC[}- 
Cy)  =73*  and  the  anti-gauche  conformer  has  torsinal  angles  ti  =  93*,  xi  =  33*  and  13  =  75*. 
The  calculation  indicates  that  the  anti-gauche  conformer  is  more  stable  than  the  syn- 
gauche  conformer.  We  have  a  preference  far  the  syn-gauche  conformer  as  the  stable 
gauche  conformer  of  n-QHz-pyz  for  two  reasons:  1.  reduced  interaction  between  the 
terminal  propyl  methyl  group  and  the  ring  C-H  fragment;  and  2.  increased  hydrogen 
bonding  between  the  a-hydrogen  and  the  lone-pair  electrons  on  the  adjacent  nitrogen 
atom.  This  reasoning  is  consistent  with  the  notion  of  strong  asymmetric  interaction 
between  substituents  and  the  ring  system  for  alkyl  substituted  N-heterocycles.  These 
two  conformers  are  depicted  in  figure  1 1 . 

V.  SLMMARY  AND  GCNCLUSI CNS 

The  stable  conformations  of  alkyl  substituted  pyrazine  systems  have  been 
determined  through  the  use  of  supersonic  jet  laser  spectroscopy  and  MOPAC  5 
calculations.  The  individual  stable  conformations  of  the  alkyl  substituted  pyrazines  are 
quite  different  from  those  of  comparable  alkyl  substituted  benzenes.  For  example,  the 
methyl  group  in  methylpyrazine  shows  highly  hindered  motion  of  the  methyl  torsion, 
the  ethyl  group  is  in  an  anti-gauche  conformation,  iso-QH7-pyz  has  a  planar 
internal  hydrogen  bonded  conformation,  and  one  of  the  possible  gauche 
conformers  of  n-QH7-pyz  is  found  to  be  unstable.  The  detailed  information  on  the 
geometry  of  the  conformation  for  each  molecule  is  summarized  in  figure  1 1 . 

The  substituted  benzene/ pyrazine  conformational  differences  are  due  to  the 
replacement  of  one  of  the  ring  C-H  group  with  a  nitrogen  atom  and  its  lone-pair  electrons. 
This  change  provides  the  system  with  a  site  for  internal  hydrogen  bonding  between  an 
a-hydrogen  on  the  substituents  and  the  non-bonding  nitrogen  electrons.  This  additional 
ring/ substituent  interaction  stabilizes  the  molecular  conformations  which  bring  an  a- 


hydrogen  closest  to  the  lone-pair  electrons  on  the  nitrogen  atom.  This  interaction  is 
apparently  strong  enough  to  produce  geometries  for  the  alkyl  substituted  pyrazine 
systems,  which  are  different  from  those  of  the  comparable  benzene  systems. 

Additionally,  we  have  also  studied  methyl,  ethyl  and  n-propylpyridine.17  The 
same  conclusions  can  be  drawn  for  these  systems:  a  highly  hindered  methyl  rotor  for 
methylpyridine,one  stable  conformer  for  ethylpyridine  and  two  stable  conformers  for  n- 
propylpyridine.  These  observations  further  confirm  the  importance  of  internal  hydrogen 
bonding  interactions  for  the  stabilization  of  alkyl  substituted  N-heterocycle  molecular 
conformations. 
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TABLE  I.  Biergies  for  QHs-pyz  features  in  the  Oq  region  of  the  Si  <-  So  transition. 


Feature  a 

v-M0°) 

on* 1 

Assignment^ 

A 

0(308568) 

Oigin 

B 

61 3 

To 

C 

1162 

1 

D 

1227 

i 

E 

176J0 

l+T* 

F 

183.1 

f 

1 0 

G 

2073 

11 

a.  A  through  G  are  the  notation  of  Figure  4  for  the  observed  vibronic  features  in  the 
absorption  spectrum  of  QHs-pyz. 

b.  I  and  II  are  the  notation  for  undetermined  vibrational  motions  of  the  molecule 
and  T  is  the  notation  for  the  torsional  vibrational  motion  of  the  ethyl  group. 


TABLE  II.  Energies  for  n- Q3H7- pyz  and  rv Q3D7-  pyz  features  in  the  Ogregion  of 

(Si  4- So). 


n-Col-fr-  pyz 

rvQjDz-  pyz 

isotope  shift 

Feature* 

v-mO°) 

0^0 

0 

* 

cnr  1 

cnr  1 

A 

0(30782 3) 

0(307873) 

- 

B 

485 

46.1 

49% 

C 

97.4 

92.4 

5.1% 

D 

145.6 

1383 

50% 

E 

193.0 

1830 

50% 

A' 

0(308520) 

0(30857 5) 

- 

B 

560 

503 

93% 

C 

1112 

100.7 

9.4% 

D 

_ 

1495 

a.  A  through  E  and  A'  through  E'  are  the  notation  for  the  observed  vibronie 
features  for  each  conformer  (see  Fig.  9). 


FIGURE  CAPTIONS 


figure  1  TCFMS  of  jet  cooled  CH3-  pyz(a)  and  G^-pyz(b)  around  their  Oq  transition 

regions.  Strong  origins  at  309453  and  30937.7  cm-1  are  found  for  CH3-  pyz 
and  G^-pyzi,  respectively.  The  next  strong  peak  at  3582  and  3630  cm*1 
for  CHj-pyz  and  CDjpyz,  respectively,  is  assigned  as  V13.  The  spectra  shown 
as  inserts  are  taken  with  low  backing  pressures  (see  Figures  2  and  3). 

figure  2.  Expansion  pressure  study  of  G^-pyz.  The  backing  pressures  applied  are 
indicated.  The  two  doublets  next  to  the  origin  show  characteristic  hot  band 
behavior. 

figure  3.  Expansion  pressure  study  of  GDj-pyz.  The  backing  pressures  applied  are 
65  psig(a)  and  30  psig(b).  Again,  the  peak  next  to  the  origin  has 
characteristic  hot  band  behavior. 

figure  4.  TOFMS  of  jet  cooled  QHs-pyz  around  its  Oq  region.  The  origin  occurs  at 

308563  cm*1  and  a  torsinal  progression  of  the  ethyl  group  is  built  on  it  (see 
Table  I).  Chly  one  origin  is  identified  in  this  spectrum. 

figure  5.  Elspersed  emission  spectra  of  QHs-pyz:  a.  excitation  at  308563  cm*1,  the 
feature  marked  A  in  figure  4;  b. excitation  at  30918.6  cm*1,  the  feature 
marked  Bin  figure  4. 

figure  6.  TOFMS  of  the  0q  region  of  the  (Si  «-  So)  for  jet  cooled  2j6-(QHs)2-pyz.  The 

spectrum  contains  two  origins  at  3095 1 3  (syn  conformer)  and  309645 
cm*1  (anti  conformer).  The  vibronic  features  built  on  each  origin  are  also 
shown. 

figure  7.  TOFMS  of  jet  cooled  iso-QH7-pyz  around  its  origin  transition  region.  The 

spectrum  shows  a  single  intense  origin  at  307933  cm*1. 


figure  8.  TOFMS  of  the  (^region  of  (Si  <-  So)  for  jet  cooled  6-CH3-2-iso-QH7-pyz. 

,  The  single  intense  feature  is  assigned  as  the  origin  and  occurs  at  3 1 027.4 
cm-1. 

figure  9.  TOFMS  of  jet  cooled  n-QH7-pyz(a)  and  n-QE>7-pyz(b)  around  their  0g 

regions.  The  peaks  marked  A  and  A’  are  assigned  as  the  origins  of 
different  conformers  based  on  the  absence  of  a  relative  isotope  effect;  the 
peak  marked  A  is  the  origin  of  the  syn-gauche  conformer  and  the  peak 
marked  A'  is  for  the  origin  of  the  anti  conformer.  (For  details  see  text  and 
Table  II.) 

figure  10.  TOFMS  of  jet  cooled  6-CH3-2-n-QH7-pyz  around  itsOg  region.  Two 

origins  are  identified  -  at  309843  and  310593  cm*1.  Torsional  vibrational 
progressions  are  built  on  each  origin.  This  spectrum  is  similar  to  that  of  2- 
n  -QHy-pyz . 

figure  1 1 .  The  geometry  of  the  minimum  energy  conformers  for  QHs-pyz  (a),  iso- 

C3H7pyz  (b),and  n  -QHz-pyz  (c).  The  stable  conformer  of  QHs-pyzis 
determined  tohaveri=72*andT?--12*.  iso-QHz-pyz  has  a  stable 
conformer  in  which  the  a-hydrogen  is  oriented  toward  the  nitrogen  atom 
and  in  the  plane  of  the  ring  (yz  =0’)-  Two  stable  conformers  of  n  -QHz-pyz 
are  determined:  the  anti  conformer  (I)hasti  =77\T2  =  17*and  15  =  180*; 
and  the  syn-gauche  conformer  (II)  has  Ti  =69*, ^  =  9*  and  15  =73*.  The 
geometries  of  these  conformers  bring  an  a-hydrogen  closest  to  the  lone- 
pair  electrons  on  the  nitrogen  atom. 


Pressure  study  of  Methylpyrazine-h3 
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^1  (Cortho’Cjpso'C0-Cp)*77°  ^1  (C0rtho‘Cipso'Ca*Cp)«69 

1-2(^’Cipso’C0*H0)»1 7°  t2(N-Cip80-Ca-Ha).9° 

^(Cipso-C.-Cp-C^.l  80°  X3(Cipso-Ca-CrCT).730 

II 


I 


DL/ 11 13/89/ 1 


r 

/ 

TECHNICAL  REPORT  DISTRIBUTION  LIST,  GENERAL 


No. 

No. 

Copies 

Copies 

Office  of  Naval  Research 

Chemistry  Division.  Code  1113 

800  North  Quincy  Street 

Arlington,  VA  22217-5000 

3 

Dr.  Ronald  L.  Atkins 

Chemistry  Division  (Code  385) 
Naval  Weapons  Center 

China  Lake,  CA  93555-6001 

1 

Commanding  Officer 

Naval  Weapons  Support  Center 

Attn:  Dr.  Bernard  E.  Douda 

Crane,  IN  47522-5050 

1 

Chief  of  Naval  Research 
Special  Assistant 

for  Marine  Corps  Matters 
Code  00MC 

800  North  Quincy  Street 

1 

Dr.  Richard  W.  Drisko 

Naval  Civil  Engineering  Laboratory 

1 

Arlington,  VA  22217-5000 

Code  L52 

Fort  Hueneme,  California  93043 

Dr.  Bernadette  Eichinger 
Naval  Ship  Systems 

Engineering  Station 

1 

Defense  Technical  Information  Center  2 

Code  053 

Building  5,  Cameron  Station 

high 

Philadelphia  Naval  Base 

Alexandria,  Virginia  22314 

quality 

Philadelphia,  PA  19112 

David  Taylor  Research  Center 

Dr.  Eugene  C.  Fischer 

Annapolis,  MD  21402-5067 

1 

Dr.  Sachio  Yamamoto 

Naval  Ocean  Systems  Center 
Code  52 

San  Diego,  CA  92152-5000 

1 

Dr.  James  S.  Murday 

1 

Chemistry  Division,  Code  6100 
Naval  Research  Laboratory 
Washington,  D.C.  20375-5000 

David  Taylor  Research  Center 
Dr.  Harold  H.  Slngerman 
Annapolis,  MD  21402-5067 
ATTN:  Code  283 

1 

